We study the stability of the Mann and Ishikawa iteration procedures for the class of Lipschitz -strongly pseudocontractive maps in arbitrary real Banach spaces. As a consequence we study the stability of these iteration procedures for the iterative approximation of solutions of nonlinear equations of the -strongly accretive type. Furthermore, we prove that the T-stability of the Mann iteration Ž . procedure leads to the strong convergence to the fixed point of T of the so-called w Mann iteration method with errors introduced by Liu
INTRODUCTION
Suppose E is a real Banach space and T is a self-map of E. Suppose Ž . x g E and x s f T, x defines an iteration procedure which yields a Ä 4 We say that the iteration procedure x is almost T stable or almost n stable with respect to T if Ý ϱ ⑀ -ϱ implies that lim y s x U . Clearly an ns 0 n n Ä 4 iteration procedure x which is T-stable is almost T-stable. We shall n show later in this paper that an iteration procedure which is almost T-stable may fail to be T-stable. We shall also present an example where some iteration procedures are neither T-stable nor almost T-stable.
Stability results for several iteration procedures for certain classes of nonlinear mappings have been established in recent papers by several Ž w x authors see, for example, 10᎐12, 17, 18, 20᎐22, 24᎐26 . Harder and Hicks w x Ä 4 12 showed how such sequences y could arise in practice and demonn strated the importance of investigating the stability of various iteration procedures for various classes of nonlinear mappings. As was remarked by Ž Ž . . Massa Math. Re¨iews 90a 1990 , no. 54109a, 54H25 , the discussion w x about stability is very rich in examples. In 10 some applications of stability results to first order differential equations are discussed. w x w x Recently, the author 19, 22 studied the stability of certain Mann 16 w x and Ishikawa 13 iteration procedures for fixed points of Lipschitz strong pseudocontractions, and solutions of nonlinear accreti¨e operator equations.
Let J denote the normalized duality mapping from E into 2 E U given by
where E denotes the dual space of E and и , и denotes the generalized duality pairing. It is well known that if E U is strictly convex, then J is single-valued. In the sequel we shall denote the single-valued normalized duality mapping by j.
Ž .
Ž . 
An operator T with domain D T and range R T in E is

² :
Tx y Ty, j x y y F x y y y x y y xy y . 2
w x It is shown in 19 that the class of strongly pseudocontractive operators is a proper subset of the class of -strongly pseudocontractive operators. The class of strong pseudocontractions and the class of -strong pseudocon-Ž tractions have been studied extensively by several authors see, for examw x . ple, 1᎐9, 15, 19, 20, 22, 23, 28 . Interest in strong pseudocontractions and -strong pseudocontractions stems mainly from their firm connection with the important classes of strongly accreti¨e operators and -strongly accreti¨e operators, respectively.
Ž . An operator T is called strongly accreti¨e if for all x, y g D T there Ž . Ž . exist j x y y g J x y y and a constant k ) 0 such that
Tx y Ty, j x, y G x y y xy y . 4
Ž . Ž . If I denotes the identity operator, then it follows from inequalities 1 ᎐ 4 Ž that T is strongly pseudocontractive respectively, -strongly pseudocon-. Ž . Ž tractive if and only if I y T is strongly accretive respectively, -strongly . Ž accretive . Thus the mapping theory for strongly accretive operators re-. spectively, -strongly accretive operators is closely related to the fixed Ž point theory for strongly pseudocontractive operators respectively, -. strongly pseudocontractive operators . Recent interest in mapping theory for strongly accretive operators and -strongly accretive operators, particularly as it relates to the existence theorems for nonlinear ordinary and partial differential equations, has prompted a corresponding interest in fixed-point theory for strong pseudocontractions and -strong pseudocon-Ž w x . tractions see, for example, 1᎐9, 14, 15, 19, 20, 22, 23, 28 .
Ž w x. It is well known see, for example, 15 that if T : E ª E is continuous and strongly pseudocontractive, then T has a unique fixed point. Furthermore, if T : E ª E is continuous and strongly accretive, then T is surjective, so that for a given f g E, the equation It is our purpose in this paper to examine the stability of the Mann and Ishikawa iteration procedures for the more general class of Lipschitz -strong pseudocontractions in arbitrary real Banach spaces. As a consequence, we examine, in arbitrary real Banach spaces, the stability of certain Mann and Ishikawa iteration methods for the iterative approxima-Ž . Ž . tion of the solution of 5 when it exists when T is a Lipschitz -strongly accretive operator. Furthermore, we prove that the T-stability or the almost T-stability of the Mann iteration procedure leads to the strong convergence of the so-called Mann iteration method with errors introduced w x in 15 to the fixed point of T.
We shall need the following: sequences of nonnegati¨e numbers satisfying the inequality
ns 0 n n ªϱ n
MAIN RESULTS
For the rest of this paper L will denote the Lipschitz constant of T and L# s 1 q L. We now prove the following: 
is the sequence generated from an arbitrary x g E by
Suppose y is a sequence in E and define
Then:
The sequence x con¨erges strongly to the fixed point x of T.
nªϱ n n ªϱ n Ž . Proof. It follows from inequality 2 that if T has a fixed point, then the fixed point is unique. Let x U denote the fixed point. w x Item 1 is a consequence of Theorem 2 of 23 .
Ž . We now prove 2᎐4. Observe that inequality 2 implies that ² : Ž . Ž .
where
It follows from 7 that
² :
I y T x y r x, y x y I y T y y r x, y y , j x y y G 0,
w x so that it follows from Lemma 1.1 of Kato 14 that
for all x, y g E and for all ) 0. Observe that
n n so that
n n n n n n n using 8 .
Ž . Ž .
Furthermore, we have the estimates
Ž . Using 11 and 12 in 10 we obtain
n n n Ž . Ž . Ž . Using 13 in 9 now yields 6 , completing the proof of 2. 
U q L D and lim
␣ s 0, it follows that lim ␣ Ts y x s 0. Furnªϱ n n ªϱ n n thermore, it follows from the inequality
Hence there exists a nonnegative integer
Since Ý -ϱ, inequality 16 implies that Ý ␣ -ϱ, contradicting ns 0 n n s0 n Ž . condition ii . Hence ␦ s 0, completing the proof of 3.
We now prove 4. Suppose lim
completing the proof of Theorem 1.
If we set ␤ s 0 ᭙ n G 0 in Theorem 1 we obtain the following: 
ns 0 n Ä 4 Suppose x is the sequence generated from an arbitrary x g E by n 0
Suppose y is a sequence in E and define ⑀ : ᑬ by n n ⑀ s y y 1 y ␣ y y ␣ Ty , n G 0.
Ž .
n n q1 n n n n Then:
The sequence x con¨erges strongly to the fixed point x of T. x generated from an arbitrary x g ᑬ by
nq 1 n n n n converges strongly to the fixed point of T and is almost T-stable.
We now show that it is not T-stable. Ä 4 Ž . Let y : ᑬ be given by y s nr 1 q n , n G 0. Then
Hence lim ⑀ s 0. However, lim y s 1 / 0 s lim x s the unique nªϱ n n n ªϱ n fixed point of T. Observe that 
² :
Tx y x , j x y x F x y x y x y x xy x . Ž . Ž .
w x The example in 3 shows that the class of -strongly pseudocontractive operators with nonempty fixed point sets is a proper subset of the class of -hemicontractive operators. It is easy to see that Theorem 1, Corollary 1, and Remark 1 easily extend to the class of -hemicontractive operators.
THEOREM 2. Suppose E is an arbitrary real Banach space and T :
is the sequence generated n n n from an arbitrary x g E by
Suppose y is a sequence in E and define
The sequence x con¨erges strongly to the solution x of the n equation Tx s f.
n n n n Ž . where p s 1 y ␣ y q ␣ T and n n n n n 
nq 1 n n n n Ä 4 Then it follows from Theorem 2 that x converges strongly to the unique n solution of the equation Tx s f, and it is almost S-stable.
We now prove that it is not S-stable. For f s 0, the proof follows exactly Ž . Ž . as in Example 1 with y s n n q 1 . If f / 0, we may take y s 1r n q 1 , n n n G 0. Then 
